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I. INTRODUCTION
The cerebellum of man and higher animals is a vast organ whose
functions have proved peculiarly difficult to analyze. All are agreed
that it is essential for orderly volitional movement, yet its mode of
action remains still a matter of challenging uncertainty. As early
as 1824, Flourens stated that removal of the cerebellum did not
disturb mental activity or sensory perception, but he fully described
the character of the disturbances in movement which follow ablation
of the cerebellum, pointing out, among other things, that the gait of
a decerebellated animal is similar to that occurring in alcoholic
intoxication. Indeed, the staggering, tremor, and slurring of speech
observed after cerebellar injury in man led Flourens to suggest
that the primary seat of the action of alcohol was in the cerebellum.
Actually very little has been added to his vivid description of
the motor disturbances produced by cerebellar lesions; but Flourens
was obliged to leave, as indeed we must leave, many of the funda-
mental problems unsolved. It would be incorrect, however, to
imply that no progress has been made since his time, for progress,
especially in the last several years, has been rapid and the time seems
ripe for a critical review of recent work.
Attention during the last thirty years has been largely con-
centrated upon the problem of functional localization within the
cerebellum. In 1906, Bolk published his well-known book on the
mammalian cerebellum, in which he concluded that specific muscle
groups in the body are regulated by discrete morphological units
within the cerebellum; according to his schema, the lobulus simplex
subserved the neck muscles, the posterior lobe the lower extremity,
the "formatio vermicularis" the tail, etc. Many attempts have been
made to elaborate this attractive hypothesis, but opinion has come to
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be sharply divided concerning it. At present many investigators
are inclined to reserve judgment upon the painstaking work of
Andre-Thomas (191 1), van Rynberk (1926), and Mussen (1927),
who, following Bolk, hold that a precise localization of individual
muscle groups can be detected in the cerebellum. Others,* follow-
ing Luciani (1891), deny discrete localization except in respect of
the two halves of the organ: all agree that each lateral half of the
cerebellum presides over the bodily musculature of the same side.
Between these two extreme views is a middle ground which has
developed within the past few years, largely as the result of com-
parative anatomical study. Analysis of the cerebellum in lower
forms has done much to elucidate the confusing anatomical subdivi-
sions of this organ; moreover, comparative morphology suggests a
new kind of functional localization in the cerebellum based on its
phylogenetic history. These newer concepts have developed largely
from the work of Johnston, Kappers, Herrick, Ingvar, and Larsell,
who have provided a rational basis for subdividing the cerebellum
in accordance with itsphylogenetical organization. It is unnecessary
to review this extensive literature since this has already largely been
done up to 1932 in the monograph of Kappers, Huber, and Crosby
(1936, vol. 1). For more recent literature see Larsell and Dow
(1935). The difficult terminology of the cerebellum has finally
been satisfactorily systematized by Larsell (1937) on the basis of
the comparative studies just mentioned, and his terminology has
been adopted in the present review.
II. ANATOMICAL CONSIDERATIONS
Phylogenetically and embryologically the cerebellum has devel-
oped from thevestibular complex ofnuclei in the medulla oblongata.
This at once suggests a primary affinity with the vestibular mechan-
ism, but even in primitive vertebrates the cerebellum has other con-
nections with the spinal cord in the brain stem. The precise rela-
tion of the cerebellum to other parts of the nervous system can best
be understood by tracing its evolutionary history.
* The best bibliography of early literature is that given in Andre-Thomas'
monograph (1911). The literature up to 1926 was also reviewed by one of us
(J.F.F.) in a general monograph Muscular contraction and the reflex control of
movement (see Chapter XX).
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Comparative Anatomy
The first rudiment of the cerebellum appears in the most primi-
tive of vertebrates, the cyclostomes; thus in Petromyzon it consists
of a thin plate emerging directly from the nuclei of the lateral line
and the vestibular nerves and fuses together dorsally to form a
commissure (Johnston, 1902). In addition to its vestibular con-
nections, however, it receives fibers from the bulb, tectum, and
from the spinal cord. In the higher fishes, the same connections
can be traced and the cerebellum becomes subdivided into a central
corpus cerebelli with two lateral appendages, the so-called auricular
lobes. Not till one reaches the Amphibia in phylogenetic develop-
ment, however, is the fundamental pattern of cerebellar morphology
clearly laid down. Here one finds an anterior component receiving
fibers from the fifth nerve and the spinal cord fused in the midline
to form a true corpus cerebelli. The auricular lobes, outgrowths
of the vestibular and lateral line nuclei, are still unfused. They
form, however, the foreshadowing of the flocculonodular lobe which
first becomes a fused entity in the reptiles (Larsell, 1932, etc.).
The fold, fissura posterolateralis, separating the flocculonodular lobe
from the corpus cerebelli is the fundamental landmark of cerebellar
morphology, since it is the first fissure to appear in- embryological
development of the cerebellum as well as in its phylogenetic history
(Larsell).* In birds a further elaboration of the corpus cerebelli
occurs, but the early stages ofdevelopment have not yet been studied
in the light of the newer morphology as worked out in lower forms.
It is hoped that Dr. Larsell may be prevailed upon to do this in
the near future.
In the embryological development of the mammalian cerebellum these
same processes occur. The earliest fissure to form is located bilaterally
between the flocculus (auricular lobe of lower forms) and the lateral parts
of the corpus cerebelli (Larsell and Dow, 1935, Larsell 1935, 1936).
These fissures join in the midline to form the "uvulonodular" fissure, or
more properly, because of its presence in Amphibia and all higher vertebrates,
* The fissures X and Y of de Lang (1917) and Ingvar (1918) are considered
by Larsell to be folds within the corpus cerebelli and of more recent evolutionary
history. The more important of Larsell's papers are listed in the accompanying
bibliography as follows: Amblystoma (1920), the frog (1923, 1925), lizard and
snake (1926), Triturus (1931), chelonians and alligator (1932), bat (1935, 1936)
opossum (1935, 1936), and, finally, a review and interpretation (1937).
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the "fissura posterolateralis." This fissure separates the "flocculonodular"
lobe from the rest of the cerebellum, or "corpus cerebelli." Other fissures
appear within the corpus cerebelli, the fissura prima, the fissura secunda, etc.
In mammals, along with the development of the cerebral hemi-





FIG. 1. Diagram of the cerebellar cortex of the macaque to show the principal
divisions and afferent fiber connections (after Larsell). The fissura posterolateralis
separates the two primary divisions, the flocculonodular lobe and corpus cerebelli
(see text).
new part dominated by corticopontocerebellar connections. This
develops chiefly as an enlargement and lateral outgrowth of the
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growth, which may properly be called the "neocerebellum," becomes
enormously developed in the primates, particularly in the higher
apes and man, and is often referred to as the cerebellar hemispheres.
In these forms it completely overshadows in bulk both the spinocere-
bellar parts of the corpus cerebelli and the flocculonodular lobe
(Fig. 1).
The connections of the cerebellum with the brain stem may now
be discussed more specifically. In higher animals all connections
are established through the three pairs of cerebellar peduncles:
superior, middle, and inferior.
Afferent Connections
Larsell's division of the mammalian cerebellum is substantiated
bythe distribution of its afferent nerves. As Ingvar (1918) showed,
vestibular root fibers are distributed to the flocculonodular lobe and
mixed with spinocerebellar fibers to the uvula and lingula. Recent
evidence indicates that in the rat, a.t least, secondary vestibulocere-
bellar fibers are confined to the same lobules, though bilater-
ally distributed (Dow, 1936). The spinocerebellar fibers end
predominantly in the anterior lobe and to some extent in the
caudal part of the posterior lobe of the corpus cerebelli. The
remainder is free of these fibers and with its lateral expansion
(lobulus ansiformis) is dominated by pontocerebellar connections,
although too little is known concerning the actual distribution of
the pontocerebellar fibers. It is probable, however, that some
overlapping occurs with the spinocerebellar fibers in the lobulus
paramedianus, the paraflocculus, and the posterior and lateral parts
of the lobus anterior. Other afferent connections even less well
known may, when determined, tend to break down those divisions
within the corpus cerebelli.
Efferent Connections
The efferent connections of the cerebellum likewise support Lar-
sell's scheme. Even in the primates (Dow, 1938b), almost all the
efferent connections from the flocculonodular lobe are direct cere-
bellovestibular fibers (Fig. 2). The majority of the fibers from
the anterior lobe and caudal part of the posterior lobe of the corpus
cerebelli end in the fastigial nucleus.
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FIG. 2. Diagram to show the connections from the cerebellar cortex to the
fastigial nucleus and to the vestibular nuclei. Corpus cerebelli in white; flocculonod-
ular lobe stippled.
The neocerebellum is most intimately connected with the dentate
nucleus, while the nucleus interpositus (emboliformis and globosus
of man) is intermediate in connections as well as in position, for it
receives fibers chiefly from those areas of the corpus cerebelli situ-
ated in the "no man's land" between pontocerebellar and spinocere-
bellar parts (Fig. 3). It must again be emphasized that here, as
in the afferent connections, overlapping occurs between these divi-
sions. Especially is this true of the connections from the deep
cerebellar nuclei to the other parts of the central nervous system.
Even here, however, the efferent connections of the fastigial and
dentate nuclei are strikingly different.
The term "neocerebellum" is reserved for that part which is last to be
acquired, namely, the part of the corpus cerebelli developed only in mammals.
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FIG. 3. Diagram to show the connections of the lateral parts of the corpus
cerebelli to the nucleus dentatus and nucleus interpositus.
It has its chief afferent supply from the corticopontocerebellar system and
its efferents are sent predominantly via the dentatothalamocortical system.
If the term "paleocerebellum" (Edinger, 1906) is used, one must recognize
that, considering the whole phylogenetic history of the cerebellum, it includes
within it subdivisions of varying age. It also includes two quite separate parts
considered as to their fiber connections, namely, vestibular and spinal cere-
bellar systems. The descriptive terms "vermis" and "hemisphere" have little
morphological significance and more specific terms should be substituted
whenever this is possible.
In summary then, the cerebellum of higher vertebrates has two
primary divisions:
1. The flocculonodular lobe, the most primitive part of the
cerebellum and the most constant throughout the vertebrate series;
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its connections are entirely vestibular. It is separated from the rest
of the cerebellum by the fissura posterolateralis (Larsell).
2. The corpus cerebelli which constitutes the bulk of the cere-
bellum in higher animals is composed of two general divisions in
accordance with afferent nerve supply: (i) a paleocerebellar division
receiving vestibular and spinocerebellar fibers made up of the
anterior lobe (lingula, centralis, and culmen), and a posterior part
made up of pyramis, uvula, and paraflocculi; (ii) a neocerebellar
division constituting the greater part of the corpus cerebelli, especi-
ally in anthropoids, whose afferent connections are principally
corticopontine.
The newer physiology of the cerebellum is concerned with the
functional significance of these major divisions.
III. GENERAL FUNCTIONS OF THE CEREBELLUM
The general functions of the cerebellum were first recognized
through the analysis of the effects of accidental lesions in man (trau-
matic or pathological), and through the later study of the effects of
ablation in animals. Many manifestations differ greatly in accord-
ance with the species of animal studied; thus man and the higher
apes differ widely from cats, dogs, and other experimental animals
in their response to cerebellar injury.
Complete Ablation of the Cerebellum
Adequate information is available concerning the effects of cere-
bellar ablation in pigeons, cats, dogs, and monkeys. The syndrome
produced by complete ablation will subsequently be correlated with
the effects of regional ablation and regional stimulation.
The pigeon. Unfortunately there are few observations on the
effects of cerebellar ablation in the more simple vertebrates (see
Andre-Thomas, 191 1).* In the pigeon the cerebellum is essenti-
ally a paleocerebellar structure without corticopontine connections.
Ablation gives rise to great exaggeration of tendon reflexes, exag-
geration of all the antigravity reflexes, resulting in a curious stiff-
legged locomotion with marked retraction of the head (Flourens,
*Quite recently Mayer and Heldfond (1936) have described the effects of
cerebellar ablation in the frog. The disturbances described were essentially those
of equilibrium.
96FUNCTIONAL LOCALIZATION IN THE CEREBELLUM
1824; Ferrier, 1876; Lange, 1891). The syndrome has been
several times described, most recently by Bremer (1924). The dis-
turbances are thus primarily in the sphere of the postural reflexes.
Symptoms such as tremor which are so conspicuous in the higher
vertebrates do not occur, but there is in addition to the stiffness of
gait disturbance of equilibrium suggesting interference with vestibu-
lar mechanisms. Analysis of these symptoms in terms of more dis-
crete localization will be given below.
Dog and cat. The effects of complete ablation of the cerebellum
are so similar in dog and cat that they can be grouped together.
The dog offers a somewhat more striking picture because the dog is
much more active after decerebellation than is the cat. All recent
studies of the effects of complete decerebellation in the dog are
based on the pioneer work of Luciani (1891) who distinguished,
following complete ablation, three periods designated "functional
exaltation," "deficiency phenomena," and "compensation." Each
phase merges into the next, but for historical interest we preserve
these arbitrary divisions essentially as Luciani gave them.
(i) Period of functional exaltation. During the first week or
ten days after the cerebellum has been extirpated, the animal has
periodic seizures of opisthotonos with head retraction and tonic
extensor spasm of all the antigravity muscles. The posture of the
animal is similar, except for its spasmodic fluctuations, to that seen
in the decerebrate state, i. e., the extensor spasm is at first marked
and enduring. Luciani's account of his cerebellar experiments was
published in 1891 before Sherrington had described decerebrate
rigidity (1898), so the similarity between the two conditions was not
apparent. Luciani was inclined to attribute the extensor spasm to
irritation incident to operation. Sherrington, however, interpreted
(1900) Luciani's period of "functional exaltation" as a release phe-
nomenon similar to decerebrate rigidity and arising from interrup-
tion of cerebellar connections, principally from the anterior lobe and
its nuclei (see below, p. 103).
(ii) Deficiency phenomena. Within two days of decerebella-
tion in the monkey, and after a week or ten days in dog and cat,
the animal is able with some difficulty to execute voluntary move-
ments. At this time it begins to exhibit three prominent symptoms,
still referred to as the Luciani triad: asthenia, or a weakness of the
muscles; atonia, an absence of the normal postural resistance of the
skeletal musculature; and astasia, or intention tremor with discon-
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tinuities of movements, dysmetria, etc. The significance of these
symptoms will be discussed below.
(iii) Compensation. After a month the animal begins to propel
itself on all fours, and during the next several months a marked,
but gradual, amelioration occurs in the deficiency phenomena.
Tremor becomes less marked, as do asthenia and atonia.
Since the time of Luciani, a special terminology has grown up
to describe the aberrations of movement associated with cerebellar
dysfunction and it is worth while to digress for a moment to define
the terms most widely used. We have followed conventions
adopted by Gordon Holmes (1922) in his Croonian lectures on
the cerebellum (see Walker and Botterell, 1937):
Cerebellar ataxia is a term used to embrace all abnormal motor phe-
nomena of cerebellar deficiency including dysmetria, tremor, decomposition
of movement, etc.
Dysmetria is taken to include any disturbance in the range of voluntary
movements.
Hypermetria is excessive range of movement, as when the limb overshoots
the desired point.
Hypometria is deficient range of movement in which the limb stops beforc
the goal is reached. Frequently a concomitant factor is a disturbance of the
force of the movement which is not well adapted to its end.
Decomposition of movement represents the performance of an act so that
"the various components of the act are not performed in their proper sequence
or measure."
Tremor may be classified as an oscillating movement occurring in an
extremity while maintaining a resting posture ("static tremor"), and that
occurring during any part of active movement ("kinetic tremor") and in
any plane. Terminal tremor, i.e., the tremor occurring at the end of a
movement, is usually more marked than is the tremor at the start or during
the course of a movement.
Tone (tonus or postural resistance) is applied by the clinician "to that
slight constant tension characteristic of healthy muscles." To the physiolo-
gist "tone" is a reflex postural contraction most evident in antigravity muscles,
the degree of postural contraction in any given muscle depending upon the
position of the body in space at the time of examination.
"Hypotonia" is a somewhat unsatisfactory but widely used term denoting
a diminished resistance to passive movement: the passive movement of a
"hypotonic" limb may be carried through a range greater than normal, and
on passive shaking of the proximal segment of a "hypotonic" limb there is
abnormal excursion at the affected joint.
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The most detailed recent analyses of the problem in dogs have
been those of Rademaker (1931), who has maintained decerebellate
dogs alive for long periods, in some cases for more than two years,
and has thus been able to study the late symptoms and the degree
of ultimate recovery. In the early stages the general picture is
similar to that described by Luciani, but Rademaker and also Dusser
de Barenne (1923, 1936) state categorically that hypotonia is not
present in dogs provided the vestibular nuclei are not injfured by
the cerebellar ablation. Furthermore, the decerebellate animal
shows most conspicuous exaggeration of the positive supporting reac-
tions (magnet reaction) with associated augmentation of stretch
reflexes. In unpublished studies, one of us (J.F.F.) has fully con-
firmed Rademaker's observations on the supporting reactions in
decerebellate dogs, and we agree further that when the animal is
on its feet there is no evidence of hypotonia.
The "positive supporting" or "magnet" reaction discovered by
Magnus (1924) and extensively studied in dogs by Rademaker
(1930) is an extensor reaction of the extremities designed to main-
tain the weight of the body against the force of gravity. Though
present it is difficult to demonstrate in normal dogs, but after
removal of the cerebellum it is grossly exaggerated.- It is evoked
by gentle contact with the foot pads, and the adequate stimulus
appears to be primarily the stretching of the small muscles of the
feet when the pads become slightly separated; stretching of the
antigravity muscles gives rise to a strongly synergic myotatic reflex.
The reaction can be obtained after the skin has been denervated,
but it is probable that normally cutaneous stimulation has an ad-
juvant effect upon the reaction. Since positive supporting reactions,
and the myotatic reflexes are inhibited by stimulating the anterior
lobe of the cerebellum (see below), it is probable that their exag-
geration after decerebellation is due primarily to withdrawal of
inhibitory influences from the anterior lobe.
Monkeys. The effects of complete ablation of the cerebellum
in monkeys have been described by Luciani (1891), Munk (1906),
Andre-Thomas (191 1), and Rademaker (1931), and more recently
byAring and Fulton (1936). The basic syndrome is similar to that
described for dogs by Luciani, but it now seems unnecessary arbi-
trarily to separate the stages of recovery into three periods. Exten-
sor spasm is slight, especially after barbiturate anesthesia, but the
animal is grossly incapacitated for several weeks after the lesion.
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It attempts to make volitional movements, usually within about
forty-eight hours, at which time a gross tremor appears first in the
head, later in the upper and lower extremities. Tremor never
appears in cat or monkey until volitional movemwents are attempted.
For the first week the animal has to be fed and for two weeks is
unable to sit upright. After six weeks it is able to walk unsup-
ported, but exhibits wild ataxia in all movements frequently striking
its face with its hand when feeding. There may be mild hypotonia,
with pendular knee-jerks; the positive supporting reaction of Rade-
maker may, however, be increased, but less conspicuously so than in
dogs. A full protocol of an animal who has survived six months
is given by Aring and Fulton (1936). The picture is thus one of
gross tremor and ataxia, disturbed equilibrium, a possible increase
in positive supporting reaction, and transient hypotonia.
Luciani's interpretations of cerebellar symptomatology have thus
been criticized by Rademaker and others and considerably eluci-
dated. Errors of force (asthenia) are conspicuous as a cerebellar
symptom, and have attracted too little comment in recent discussions.
The phenomena of hypotonia and astasia have been the subject of
much debate, and will be discussed in the next section on specific
functions of the cerebellum. Can this picture of grave and enduring
locomotor deficit with increased supporting reflexes, disturbances
of equilibrium, tremor in volitional movement, and hypotonia, be
separated into groups of individual symptoms referable to discrete
anatomical areas within the cerebellum? The studies of the last
two or three years indicate that functional localization of this type
does in fact exist.
IV. LOCALIZED FUNCTIONS OF THE CEREBELLUM
Localized functions of the cerebellum have been investigated by
stimulation or destruction of: (i) specific areas of the cerebellar
cortex, (ii) specific nuclei, and (iii) by section of individual
peduncles. The discussion will follow this sequence.
A. Regional Stimulation and Ablation of the Cerebellar Cortex
Attention will first be devoted to the older parts of the cerebel-
lum, the flocculonodular lobe, the uvula, pyramis and paraflocculus,
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and the anterior lobes. Under each section the effect of stimulation
and of ablation will be discussed and the particular disturbances will
be traced from lower to higher forms.
The flocculonodular lobe.
No attempt has been made to remove the flocculonodular lobe
in lower forms, but Groebbels (1928) removed the entire posterior
part of the cerebellum from pigeons and reports disturbances of gait,
hyperflexion of neck, progression on a broad base, and other signs of
disturbed equilibrium. Ablations of the nodulus have recently
been made by one of us (R.S.D.) in primate forms, including
monkeys, baboons, and a chimpanzee. Following lesions sharply
restricted to the nodulus and posterior part of the uvula of macaques,
marked equilibratory disturbances developed which persisted for
over a month, characterized by oscillation of head and neck, falling,
ataxia of"trunk," and by a titubating abducted gait. Duringthe first
days the animal was reluctant to move his trunk, clung to the cage,
generally in a corner, but despite this obvious disturbance of equi-
librium there was no tremor in the movements of the extremity, no
disturbance of reflexes, nor hypotonia.
Localized ablation of other parts of the cerebellum did not give
rise to this syndrome. For controls, parts of the lobulus simplex,
culmen, and ansiformis (Figs. 1 and 3) were removed in several
monkeys, and in three others the pyramis was ablated (in two as a
primary operation). In none of these animals was there any dis-
turbance of equilibrium, i.e., the syndrome just described could not
be detected. As further evidence of the vestibular character of the
disturbance, the nodulus and part of the uvula were removed after
bilateral destruction of the labyrinth. In these animals in which all
labyrinthine reflexes were abolished symmetrically removal of the
nodulus had no effect except for a slight and transient increase in
positive supporting reactions lasting only forty-eight hours.
The nodulus was also removed from a chimpanzee; the animal
exhibited the syndrome ofdisequilibration in a striking manner, with
oscillation of head and trunk, "trunk" ataxia, falling, titubation, and
wall clinging, but there was no tremor nor reflex disturbance and no
hypotonia. The significance of these observations will be taken up
in the discussion.
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Uvula and pyramis
Lesions of the uvula give a transient disturbance of equilibrium
which is in keeping with the fact that it receives some vestibular
projections. No one part of the body appears to be disturbed more
than another. Electrical stimulation of the uvula has failed to give
consistent responses in cat or monkey, although Andre-Thomas
states that motor effects are sometimes seen in the upper extremity.
The pyramis, when removed as an isolated entity, causes no
reflex disturbance or symptom of disequilibration. Indeed, in
monkeys the only symptom detected in three animals from which
the pyramis was ablated was a curious inability to arrest a forward
progression in time to prevent striking a clearly visible obstruction.
For three or four days following removal of the pyramis, the
animals, when let loose in the corridor, generally ran full force into
the door at the end. Similar disturbances have been seen following
bilateral ablation of the cerebellar hemisphere and it is evidently not
specific to the pyramis. However, the observation does suggest an
inability to gauge distance, which may conceivably be due to a failure
of distance perception. This is in keeping with the fact that eye
movements occur on stimulation of the pyramis; indeed, the thresh-
old for eye movements is lower in the pyramis than in any other
part of the cerebellum (Sherrington, 1900; Andre-Thomas, 1911;
Dow, 1935).
The paraflocculus
Recent studies on the excitability of the paraflocculus fail to
reveal any specific motor responses, certainly none of the eyes (Dow,
1935). No specific function can at present be assigned to it.
The anterior lobe
The anterior lobe of the cerebellum assumes special interest
because of the fact that it is excitable to electrical stimulation
throughout the vertebrate series. Its excitability therefore will be
considered first.
Excitability. In the fish the anterior lobe is not well developed
and electrical stimulation of the cerebellum causes eye movements
and other symptoms of disequilibration referable to irritation of the
vestibular mechanism. In birds, however, there is a well-developed
anterior lobe whose responses have been studied in detail by Bremer
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(1924) and by Bremer and Ley (1927). To exclude participation
of the cerebral cortex, they used a thalamic pigeon and as a control
they applied cocaine to the anterior lobe and found that the follow-
ing responses disappeared completely when the anterior lobe was
locally anesthetized. Weak excitation of one side caused inhibition
of extensor responses in the muscles on the same side followed by
rebound. In the contralateral extremity, there was an increase in
extensor response followed by inhibition during the period of ipsi-
lateral rebound. The posterior lobe was inexcitable in the thalamic
pigeon, except for the pyramis.
In dog and cat the anterior lobe is similarly excitable, as was
originally pointed out by Sherrington (1896, 1898, on cat and
monkey) and confirmed by Miller and Banting (1922) and many
others in the cat and dog. Inhibition of decerebrate rigidity on the
same side can readily be obtained from the entire surface of the
anterior lobe. Strong stimulation is followed by rebound which
indicates that both excitatory and inhibitory elements exist within
this part of the cerebellum. Denny-Brown, Eccles, and Liddell
(1929), in an electromyographic study, found similar inhibition of
extensor postures, but they observed that brief weak stimulatiofi
may initially excite extensor muscles, which indicates again that both
excitatory and inhibitory components to the lower spinal neurones
take origin in the vermis.
Ablation. The effect of ablating the anterior lobe of the pigeon
was first described by Lange in 1891, who pointed out that a syn-
drome of hypertonia developed, which is quite distinct from the
vestibular disturbances of posterior lobe lesions in the pigeon. The
extensor hypertonia tended to move the center of gravity of the
animal posteriorly and was associated with head retractions, opistho-
tonos, and, as Bremer and Ley (1927) subsequently pointed out,
there was a great augmentation in the antigravity stretch reflexes.
Removal of a lateral half of the anterior lobe gave symptoms pri-
marily in the ipsilateral extremity. Bremer and Ley found the
upper extremities no more affected than the lower extremities with
subtotal lesions and thus found no evidence of localization of move-
ments of muscles. A thalamic pigeon with anterior lobe completely
destroyed preserves all of the elementary reflexes of equilibration
referable to the labyrinth, i. e., compensatory movement of wings
and tail and the ocular labyrinthine reflexes.
Ablation of the anterior lobe in the decerebrate cat is immediately
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followed by a marked increase in decerebrate rigidity. Fulton,
Liddell, and' Rioch (1932) found that when the cerebellum as a
whole was removed from a hemidecorticate cat the hemiplegic ex-
tremity became extremely rigid, an effect referable to the anterior
lobe. Lesions of the anterior lobe of monkeys and chimpanzees
have not yet been studied.
The neocerebellum
The region of the posterior lobe receiving the corticopontile pro-
jection greatly overshadows in bulk all of the paleocerebellar struc-
ture just discussed. As indicated, the neocerebellum includes the
laterally situated lobuli ansiformis and paramedianus, medial areas
known as the declive and tuber; and the lobulus simplex lying
immediately posterior to fissura prima.
Excitability. The entire neocerebellum is completely unexcit-
able in a decerebrate animal. This is scarcely surprising in view of
the fact that its primary connections are with the cerebral cortex.
The studies of Rossi (1913, 1925), however, which have been
recently confirmed by Dusser de Barenne and others, indicate that
stimulation of lobulus ansiformis causes the opposite motor area of
the cerebral cortex to become more excitable. The increased excit-
ability does not appear to be specific to the part of the lobulus ansi-
formis stimulated, i. e., areas 4abc all show uniform increase in
excitability.
Further confirmation of the interrelationship between the neo-
cerebellum and the excitable properties of the cerebral cortex has
come from the experiments of Earl Walker (1937a), in which he
proved that the spontaneous Berger action current rhythm of area 4
could be rapidly modified by stimulation of the neocerebellum;
stimulation of midline structures had less effect upon the rhythm.
Ablation. Ablations restricted to the cerebellar hemispheres have
been made by all students of cerebral physiology from Flourens
onward. All are agreed that the disturbance produced by such
lesions is transient and compared with paleocerebellar lesions it is
relatively inconspicuous. The extent of the disturbance, however,
depends in some measure upon the depth of the lesion, i. e., whether
the dentate nucleus is encroached upon or not.
Bremer has described the syndrome of unilateral ablation of the
neocerebellum in cats and dogs in some detail (1935). The symp-
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toms are strictly homolateral, and the animal tends for some days
to curve its body toward the side of the lesion. Bremer (1935)
insists also that there is moderate hypotonia lasting several weeks,
and that volitional movements are executed with moderate tremor
associated with hypermetria. All authors are agreed that there are
no disturbances of equilibrium following such lesions. The symp-
toms just mentioned tend to disappear within several weeks of
operation and after some two months the animal is indistinguishable
from normal unless the deep nuclei have been extensively involved.
Keller, Roy, and Chase (1937) have also emphasized the slight
character of the symptoms following neocerebellar ablation and are
inclined to attribute the disturbances which occur during the first
few days to involvement of paleocerebellar structures.
In monkeys, ablation of the neocerebellum gives rise to a syn-
drome similar in most respects to that seen in cats and dogs, but
there is more grave disturbance of skilled movements and in the
baboon a more conspicuous and enduring hypotonia. Tremor, how-
ever, is practically absent so long as the dentate nuclei are not
involved. Botterell and Fulton (1938c) have recently studied the
effects of unilateral and bilateral ablation of the neocerebellum in
macaques and baboons. Their observations may be summarized as
follows: (1) Unilateral ablation restricted to the cortex causes
homolateral awkwardness, hypotonia, and disturbance of gait, the
effects being equally marked in the upper and lower extremities,
but all symptoms are transient, lasting at most about two weeks,
the disturbance of gait being the most enduring. (2) When the
ablation involves the dentate nuclei all disturbances just mentioned
are more enduring and conspicuous and they are associated in addi-
tion with noticeable tremor in voluntary movement. (3) Simul-
taneous bilateral ablations restricted to the cortex cause more marked
symptoms than does a unilateral lesion, and they are associated with
a gross disturbance of gait characterized by leaping and an inability
to arrest forward progression when an obstruction is in view. No
evidence was found in these experiments of functional localization
of individual muscles or limbs within discrete areas of the neo-
cerebellum. All symptoms were more marked in the baboon than
in the monkey.
Chimpanzees have also been recently studied by Botterell and
Fulton (1938d); lesions restricted to the cerebellar hemispheres
have been found to produce the picture just described for monkeys,
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but in a more enduring form with conspicuous slowness in the initi-
ation of movements, and associated with a degree of hypotonia that
far overshadowed that seen in monkeys or baboons. Indeed, the
hypotonia from a neocerebellar lesion in the chimpanzee coincides
with all details of the hypotonia seen in man following gunshot
injury.
B. The Cerebellar Nuclei
In man and anthropoid, the cerebellar nuclei are four in number:
medially, fastigial and globose, and a lateral group, the dentate and
emboliform. In monkeys and lower vertebrates, the emboliform
and globose nuclei are more or less fused and the cellular mass is
known as the nucleus interpositus. The dentate nucleus is prima-
rily neocerebellar in its affinities; the fastigii paleocerebellar. The
globose and emboliform nuclei are intermediate; receiving pro-
jections both from the neocerebellum and from midline structures.
Dentate and interpositus nuclei
The dentate and interpositus nuclei have been directly stimulated
by Miller and Laughton (1928a, 1928b) after removal of the cere-
bellar hemispheres, and also with the Horsley-Clarke stereotaxic
technique by Sachs and Fincher (1927) and by Magoun, Hare, and
Ranson (1935). The excitability of the dentate itself is still a moot
question as it is difficult to separate its possible responses from those
of interpositus. Sustained biphasic movements of the extremities
were observed by all these investigators, the latter workers pointing
out that the movement is one affecting the entire skeletal muscula-
ture. Thus, if the interpositus region was stimulated on one side
the response consisted of quick flexion of the forearm, hand, or
fingers during the period of the stimulation, followed at the end of
stimulation by rebound extension of these parts. The other three
extremities generally assumed extensor postures, which ceased or
became reversed in sign as soon as the stimulus had ended. Another
group of responses obtained from the deep nuclei beneath the
anterior lobe (principally globose and fastigial) is an inhibition of
resting posture similar to that described by Sherrington (1898) and
Denny-Brown, Eccles, and Liddell (1929) from stimulating the
anterior lobe. All the observations just referred to have been made
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on monkeys. More recently Hare, Magoun, and Ranson obtained
similar results (1936) on stimulating the deep nuclei of the decere-
brate cat.
Fastigial nucleus
In addition to inhibitory effects on decerebrate rigidity and other
postures, vigorous movements of the eyes are obtained from stimu-
lation of the fastigial nuclei. Head turning and strong conjugate
deviation of eyes toward the side stimulated may occurwhenthemid-
line nuclei, especially the fastigial, are stimulated. These are gen-
erally associated with responses of trunk and tail. The reactions
from the fastigial nuclei remain after the superior peduncles are cut
but disappear when the inferior peduncle is interrupted.
In general, then, the results of stimulating the cerebellar nuclei
are similar to the results obtained on stimulating the anterior lobe of
the cerebellum, or the pyramis. The extent of excitability of the
dentate nuclei has not been accurately defined; some degree of
excitability is possibly present, but it is difficult to demonstrate and
to separate from possible spread to the interpositus nuclei.
As yet no detailed studies have been published upon the effects
of isolated destruction of individual cerebellar nuclei. Analysis of
this sort is much needed.
C. Section of the Cerebellar Peduncles
As the effect of stimulation of individual cerebellar peduncles
does not readily lend itself to experimental analysis, study of the
peduncles is restricted to the effects of their section (see Cobb, Bailey,
and Holtz, 1917).
Section of all three peduncles
The earliest experimenters on the cerebellum observed the con-
sequences of unilateral section of all three peduncles; and the prob-
lem has recently been restudied in monkeys in this laboratory (see
Botterell and Fulton, 1938a). When all three peduncles are sev-
ered on one side, the outflow of both the neo- and paleocerebellar
nudei is destroyed. The syndrome resulting from such a procedure
is at first one of intense motor difficulty with a coarse debilitating
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tremor, moderate hypotonia, and equilibratory difficulty. Com-
pensation occurs to a very considerable extent, but the animal always
retains a certain degree of deficit on the side of the lesion. The
ultimate symptoms are those of mild tremor, disturbance of gait and
equilibrium, and in the chimpanzee (unpublished observations) there
is an enduring (two years) hypotonia.
The superiorpeduncle
The syndrome following section of the superior peduncle is
similar to that following section of all three peduncles, but less
severe, especially from the point of view of ultimate symptomatol-
ogy. The problem was studied by Ferrier and Turner (1894), who
observed three macaques after unilateral section of the superior
peduncle and found marked disturbances of gait, high stepping, and
tremor. Keller and Hare (1934) attempted to cut the superior
peduncle by superficial section of the mesencephalon at the level of
the inferior colliculus. They were impressed by the slight character
of the symptoms so induced, but it is not clear from their sections
that the superior peduncle was entirely severed and certainly struc-
tures other than peduncles were involved. More recent studies are
those of Ferraro and Barrera (1936a), whose results were incon-
sistent possibly owing to the fact that they also failed completely to
sever the peduncle in some cases and in others injured the vestibular
nucleus (posterior approach). Walker and Botterell (1937) have
recently been able to produce a consistent syndrome similar to that
described by Ferrier and Turner by actual section of the superior
peduncle in its entirety as it emerges from the cerebellum. Their
results may be summarized as follows: (1) Unilateral section of the
superior cerebellar peduncle in the macaque monkey causes a severe
ipsilateral ataxia with tremor, dysmetria, and decomposition of move-
ment, the ataxia gradually diminishing but never completely dis-
appearing, being especially evident in the gait; (2) Bilateral section
of the peduncle is followed by a similar but much more severe and
persistent ataxia, involving one or more extremities but not causing
so-called "trunk ataxia"; (3) Nystagmus and hypotonia were insig-
nificant in the monkey; in a chimpanzee (Walker, 1937b) marked
hypotonia occurred; (4) Partial section of the superior peduncle
caused a mild and rapidly subsiding syndrome.
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The middle peduncle
Section of the middle cerebellar peduncle is a peculiarly difficult
procedure technically, since to destroy it laterally involves inevitable
destruction of the lateral part of the cerebellar hemisphere and to
destroy it mediallyinvolves injury to the vestibular nuclei. Rolling
of the eyeballs and deviation of the eyes have been described, but
these almost certainly are vestibular symptoms (see Sherrington,
1900, p. 900). Recent attempts by German and Turner and by
Botterell to sever the middle peduncle have led to equivocal results
(see Yochelson, 1936). Dow, in attempting to sever it, resorted to
the Horsley-Clarke technique, but found difficulty in accurately
localizing the peduncle.
Inferior peduncles
These are easily severed by the posterior approach and section
gives rise to disturbances of equilibrium similar to those produced
by ablation of the flocculonodular lobe. Ferraro and Barrera
(1936b) made a distinction between the effects of sectioning the
restiform and the juxtarestiform body. Section of the former gave
moderate ataxia with tremor while section of the latter varied with
the position of the lesion, i.e., whether it was in the supramedullary
or intramedullary portions of the juxtarestiform body. Supra-
medullary section cut off the projections from the flocculonodular
lobe and gave rise to equilibratory symptoms similar to those which
followed ablation of the nodulus itself; when the intramedullary
connections were sectioned bilaterally much more serious symptoms
followed, including backward somersaults and upward nystagmus.
Sections of the intramedullary division caused nystagmus toward the
side of the lesion and hypotonia, but disturbances of gait and equi-
librium did not occur (see also Ferraro and Barrera, 1935).
V. THE CEREBELLUM AND CEREBRAL CORTEX
A careful study ofthe phenomenon of cerebellar tremor indicates
that it develops following a cerebellar ablation only with the return
of voluntary movement, and the extent of the tremor varies in
direct proportion with the intensity of voluntary innervation.
Walshe (1927) and others have pointed out that these manifesta-
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tions of cerebellar disease are, therefore, not due to the cerebellum
at all, but represent imperfect compensation by other parts of the
nervous system, presumably by the cerebral cortex. The question
naturally arises, therefore, as to what part of the cerebral cortex is
involved in causing "cerebellar tremor."
Experiments of Fulton, Liddell, and Rioch (1932) some years
ago showedthatcerebellar tremor disappears in the cat after removal
of the cerebral hemispheres. If one cerebral hemisphere is removed
from a decerebellate animal, the side opposite becomes rigid for
several days; thereafter reflex movements return and these move-
ments are quite without the tremulous discontinuities which charac-
terize cerebellar deficit. When both cerebral hemispheres are
removed, making a preparation which is decerebellate and thalamic,
vigorous reflex movements occur, running, scratching, postural neck
and labyrinthine reflexes, righting reflexes are executed without a
trace of tremor, but unlike a thalamic preparation, the coordination
is so poor that the animal is unable to stand or to progress on all
fours. It may be said therefore to exhibit cerebellar incoordination
without tremor, for when the cerebellum is intact, the thalamic cat
can stand and walk normally.
In the monkey somewhat sharper localization has been found.
Luciani pointed out that when a small frontal lesion is made in the
decerebellate dog, ataxia and tremor are prone to become exag-
gerated. In the monkey removal of part of the frontal lobe lying
anterior to the motor area leads similarly to an exaggeration of
cerebellar symptoms (Aring and Fulton, 1936). One might infer
from this that the frontal lobe is primarily responsible for compen-
sation of cerebellar deficit. When the motor area itself is removed
and voluntary movements thus diminished, the cerebellar symptoms
become correspondingly decreased (Fulton, 1936).
VI. DISCUSSION
The comparative anatomical and physiological approach to the
functions of the cerebellum has made possible a more satisfactory
analysis of cerebellar disturbances seen in man. In the following
discussion the more important clinical symptoms of cerebellar disease
will be discussed in the light of the experimental studies just
reviewed.
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The Midline Syndrome
The work of Larsell and Dow (1935), and Dow (1935, 1938a)
on the flocculonodular lobe has considerably illuminated the so-called
"posterior vermis" syndrome of man. One of the most common
tumors of the cerebellum is the medulloblastoma, a midline tumor
of childhood which arises in the substance of the nodulus. Curiously
enough, the nodulus, though a primitive part of the cerebellum, is
the last in which cellular differentiation ceases in embryological
development, which no doubt accounts for its frequently being the
site of tumor formation (Ostertag, 1936). The presenting symptom
in cases of midline cerebellar tumors is a disturbance of gait and equi-
librium, unaccompanied by ataxia of the extremities or tremor so
long as the patient is lying still (Bailey, 1933).
"Trunk ataxia." It has long been taught in clinical neurology
that the posterior vermis controls the trunk muscles and that when
the posterior vermis is damaged the trunk muscles show "ataxia."
This indeed is a curious form of reasoning, for careful analysis of
these cases indicates that the equilibrium of the body as a whole is
disturbed; we are dealing with a physiological function and not an
anatomical part. The patient or the animal is not able to progress
and any movement of the body through space precipitates the symp-
tom. When the body as a whole is at rest, individual movements,
especially of the hand, can be carried out without evidence of loco-
motor disturbance, the heel-to-knee test can be performed without
tremor, etc. Only when the body is propelled through space are
difficulties encountered. The symptom therefore is one of disturbed
coordination of the body in space, and it cannot be used as an argu-
ment for localizing the trunk musculature in the "posterior vermis."
Dow (1938a) has given reasons for believing that disturb-
ances of this type are, in fact, the result of destruction of the
flocculonodular lobe, and of no other part of the cerebellum. That
they are primarily vestibular in origin is evident from the fact that
previous destruction of the labyrinth makes subsequent destruction
of the nodulus a symptomless procedure.
Hypotonia
When the entire cerebellum is removed, hypotonia does not occur
in dogs; indeed, the supporting reactions are so brisk that when its
feet touch the ground the dogbecomes grossly hypertonic. In man,
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however, lesions of the cerebellar hemisphere give rise to enduring
hypotonia even though the vestibular nuclei are not involved. In
dogs, lesions restricted to the neocerebellum are said to give mild
and transient hypotonia, but the effects are equivocal and Keller
and his co-workers deny the existence of this symptom in the animals
which they have studied (1937). In monkeys there is mild, but
clearly recognizable hypotonia for a few days after a neocerebellar
lesion; in baboons the hypotonia is more marked and lasts longer
than in the macaque. In chimpanzees it is conspicuous and enduring
even after a small lesion. Consequently, we must conclude that the
hypotonia seen in man and the higher anthropoids depends upon
the organization of their nervous system and that it is not justifiable
to generalize about this symptom on the basis of experiments in
lower animals.
Cerebellar Tremor
Tremor during volitional movement is the most conspicuous and
the most characteristic symptom associated with widespread damage
to the cerebellum. It occurs only when the cerebral cortex is intact
and then only when volitional movements are attempted. What
part of the cerebellum must be destroyed in order to bring about
these discontinuities of movement?
Tremor does not occur following lesions of the nodulus, uvula,
or pyramis, or of all three combined, i.e., tremor is not a part of the
so-called "posterior vermis" syndrome; it similarly does not develop
if, in addition to removing these midline structures, the fastigial
nuclei are also destroyed (Botterell and Fulton, 1938c). Tremor
also fails to develop with lesions restricted to the neocerebellar
cortex. However, when the dentate nucleus is involved in a neo-
cerebellar ablation, moderate tremor develops but generally disap-
pears if some part of the dentate nucleus still remains intact (Bot-
terell and Fulton, 1938b).
If the superior cerebellar peduncle is sectioned, very marked
tremor results which persists for several months; if both superior
peduncles are cut the tremor becomes permanent (Walker and Bot-
terell, 1937, and others). The tremor becomes similarly marked
if the dentate and emboliform part of the interpositus nuclei are
destroyed in a neocerebellar ablation. From these data one can
draw the inference that tremor develops following extensive neo-
cerebellar lesions when the dentate and emboliform nuclei are
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extensively involved. The entire posterior lobe must therefore be
involved and not alone the hemisphere.
One cannot as yet state what part the anterior lobe plays in the
production ofataxiaandtremor. Undoubtedlyitsdestruction would
add considerably to any awkwardness of movement occasioned by a
neocerebellar lesion. Whether it would actually cause an increase
in tremor remains to be determined.
Nystagmus
There can be no doubt that the cerebellum plays an important
part in the coordination of eye movements, but it is also true that
nystagmus on lateral deviation does not occur following complete
ablation of the cerebellum provided the vestibular nudei are not
involved (Dusser de Barenne, 1923, etc.). However, there is a
large body of dinical evidence and some evidence from animal
experimentation to suggest that a so-called fixation nystagmus occurs
following lesions of posterior midline structures, centering presum-
ably primarily in the pyramis. Cerebellar lesions also appear to
cause disturbance of distance perception. The transient nystagmus
which sometimes follows lesions of the inferior peduncle-(Ferraro
and Barrera, 1936b) is undoubtedly due to transient disturbance
of the vestibular nucleus itself.
If one attempts to describe the functions of the cerebellum in
general terms, one cannot deviate widely from Sherrington's early
condusion (1900) that the cerebellum is the "head ganglion of
the proprioceptive system." Here are integrated impulses from
the muscles themselves, eye musdes, skeletal, and possibly visceral,
and from the semicircular canals-impulses in short which would
have to do with the organization of spatial coordination. To quote
Sherrington (1900, p. 910):
. . . the cerebellum is the organ rather of a particular class of reactions
than of a particular sense. Its reactions have their sources in the sensifacient
organs of various senses, but especially of those pregnant with spatial quality,
and in those subserving the "muscular sense," in the widest meaning of that
term. It supports the tonus of the majority, perhaps of all, the cranio-spinal
motor root cells, of some more than others, e.g., those connected with eye
muscles, neck muscles, muscles of the spine. It preponderantly helps to
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secure co-ordinate innervation of the skeletal musculature, both for mainte-
nance of attitude and for execution of movements. So far as the geotropism
and stereotropism of the animal can be "centred" at any one limited field of
the central nervous system, that field is cerebellar. It supports habitual
posture, and is at least as importantly associated with the movements depend-
ent on the lower cerebral centres (e.g., walking, running), as with those
elaborated in connection with the highest (e.g., technical movements).
VII. SUMMARY
Comparative anatomical studies of the cerebellum have lately
made possible a new subdivision of the organ based on its morpho-
logical organization. These disdosures have given fresh impetus
to the study of functional localization within this complex organ,
and it now becomes possible more adequately to translate compara-
tive anatomical facts into physiological language. Adopting the
terminology developed by Larsell, the cerebellum has two primary
divisions: a vestibular portion, the "flocculonodular lobe," and a
spinocortical part, the "corpus cerebelli," which is enormously devel-
oped in higher vertebrates and man. The corpus cerebelli is made
up of an anterior lobe (lingula, centralis, and culmen) and a pos-
terior lobe comprisingthe neocerebellum (lobuli simplex, ansiformis,
and paramedianus), declive, and tuber, and a midline paleocere-
bellar division (pyramis, uvula, and paraflocculus). These general
divisions are shown in Figure 1. The principal conclusions concern-
ing functional localization are as follows:
1. Isolated lesions of the flocculonodular lobe give rise to grave
disturbances of equilibrium characterized by swaying, staggering,
and titubation (so-called "trunk ataxia"), but there is no tremor or
serious reflex disturbance. The syndrome is virtually identical with
that seen in midline cerebellar tumors of childhood which in many
instances arise directly from the nodulus. Section of the supra-
medullary part of the inferior cerebellar peduncle causes similar
symptoms.
2. Stimulation of the anterior lobe or of the roof nuclei to which
it projects, causes inhibition of antigravity posture on the side stimu-
lated; whereas destruction of the anterior lobe releases the postural
mechanisms causing increased stretch reflexes, augmentation of de-
cerebrate rigidity, increased positive supporting reactions, etc.
3. Ablation of the neocerebellum, on the other hand, causes dis-
turbances of volitional movements giving rise to errors of force and
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rate of movements; if the dentate nuclei are extensively involved
in the lesion, tremor develops accompanied by errors of range and
direction of movement.
4. Disturbances from neocerebellar lesions are more marked
and more enduring in primates than in dogs and cats, and more con-
spicuous in anthropoids and man than in monkeys. Hypotonia
may be equivocal in cats and monkeys after lesions of the neocere-
bellum, but in chimpanzees and man it is enduring.
5. With bilateral destruction of the neocerebellum all of the
symptoms just mentioned are increased, especially when the dentate
nuclei are involved; in these circumstances severe disturbances of
progression movements develop, characterized by leaping and inabil-
ity to arrest forward progression in the face of an obstacle. The last
symptom may be due to disturbance of distance perception.
6. All symptoms just mentioned are accentuated when the
medial as well as the lateral nuclei of the cerebellum are involved.
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